The infection caused by non-b-type Haemophilus influenzae has been increasing in this Hib (H.influenzae serotype b) vaccination era. H.influenzae serotype f (Hif) is considered as one of those emerging pathogens. In general, H.influenzae is a common pathogen of such as pneumonia, otitis media, and meningitis, but is rare in soft tissue infection, especially at the extremity. We report a rare case of severe soft tissue infection caused by Hif which occurred at the lower extremity of immunocompetent adult patient.
Introduction
Haemophilus influenzae is a gram-negative bacillus which rarely causes infection in soft tissue. When it occurs, soft tissue infection by this pathogen generally occurs in the buccal cavity, neck, or upper extremity in children, but not in the lower extremity or adult cases. Among the various types of H. influenzae, H. influenzae serotype b (Hib) is the most common and virulent type. By virtue of Hib vaccination, the incidence of Hib infections is decreasing (1) (2) (3) . In contrast, the incidence of non-b-type and nontypable H. influenzae infections is increasing (4) (5) (6) (7) (8) . H. influenzae serotype f (Hif) is particularly an emerging causative pathogen among non-b-type H. influenzae. Although adult cases of soft tissue infection of the lower extremity caused by H. influenzae have been reported, these cases were not caused by Hif. Here, we describe a rare case of soft tissue infection caused by Hif in the lower extremity of an adult patient.
Case Report
The patient was an 86-year-old man who fell frequently because of Parkinson's disease. He was quite well until the day before admission. However he felt general malaise in the morning and his condition worsened rapidly. Therefore, he was sent to Tsuyama Central Hospital.
Physical examination showed that his blood pressure was 68/45 mmHg; heart rate was a sinus rhythm of 75/min; respiratory rate was 20/min; and Oxygen saturation was 99% (10 L/min oxygenation with reservoir mask). His general appearance was sickly and emaciated. Chest and abdominal examination showed no remarkable abnormality. There were many subcutaneous hemorrhages and scars on the surface of the lower legs, and his right leg (from the toes to below the knee) was swollen and inflamed. His medical history included Parkinson's disease, hypertension, chronic heart failure, and cholelithiasis. No significant allergy or family history was obtained.
Laboratory data are shown in Table 1 . Urine analysis was normal. Cerebrospinal fluid showed elevated protein but normal white blood cells. There were no data to suggest diabetes mellitus (HbA1c; level, 5.7%) or immunocompromised condition (the patient had normal immunoglobulin levels and was human immunodeficiency virus [HIV] antibody negative). Chest radiography and non-enhanced computed Emergency Unit and Critical Care Center, Tsuyama Central Hospital, Japan and Department of Clinical Laboratory, Division of Microbiology, Tsuyama Central Hospital, Japan tomography (CT) from head to abdomen showed no remarkable changes; however, we found inflammatory swelling of the deep soft tissue of the right lower leg (Fig. 1) . Although there were no necrotic lesions such as blistering or skin color changes on the surface of the right lower leg, the swelling in this leg was increasing by the hour, prompting us to consider necrotizing fasciitis rather than other soft tissue infections such as cellulitis. We consulted an orthopedist about the need for fasciotomy and the conclusion at the time, however, was that it was nonnecrotizing soft tissue infection, which does not require fasciotomy. The patient was admitted to the ICU for intensive care and antibiotic therapy.
After admission, combination therapy with meropenem (1 g/12hr), clindamycin (600 mg/8hr), and gamma globulin (5 g/day for 3 days) was initiated as empiric therapy. The in- flamed area gradually expanded and involved the inguinal region on day 3. Although no gas or abscess was detected, CT-scan without contrast material in the lower extremities showed the progression of deep soft tissue inflammation. Considering this clinical course and the result of CT scan, we determined to perform an operation.
Prior to surgery, we intended to perform the fasciotomy on the whole area of the swollen right lower extremity (from the toes to the inguinal region). However, the procedure was limited to some parts of right leg as there were no pathological changes suggestive of necrotizing fasciitis, such as necrotic tissue, abscess formation or odor at the most inflamed site, while gram staining of surgical exudates showed gram-negative bacilli that were phagocytized by macrophages. Then, the diagnosis was made as rapidly progressing deep soft tissue infection. Two sets of blood cultures provided positive results (incubation period, 20 -24 hour) for gram-negative bacilli. Later, H. influenzae was isolated from both the blood and the exudate cultures and was confirmed as serotype f and biotype II. The serotype was confirmed using H. influenzae antisera (Denka Seiken Co., Ltd., Tokyo) and biotype by the ID test HN-20 Rapid "Nissui".
After the antimicrobial susceptibility test results (Table 2 ) were obtained, we changed meropenem to ceftriaxone (2 g/ 12hr) as definitive therapy. Clindamycin was continued.
The inflammation in the right lower extremity gradually improved, but a rash appeared on the patient's trunk and other extremities on day 10; therefore, we changed the antibiotics to levofloxacin (500 mg/24hr) and sulfamethoxazoletrimethoprim (trimethoprim, 160 mg/12hr) as double coverage therapy for H. influenzae combined with methylprednisolone (continuous intravenous infusion, starting at 60 mg/ day for seven days, then 30 mg/day for the next seven days and 15 mg/day for another seven days). The rash disappeared a few days later and the patient's laboratory data also improved.
Neutropenia occurred on day 28 and was suspected to be caused by sulfamethoxazole-trimethoprim; therefore, the drug was discontinued. Subsequently, the clinical course proceeded well and 6 weeks of antibiotic therapy and 20 days of methylprednisolone therapy were completed. The patient's general condition improved, and he was transferred to another hospital on day 65.
Discussion
H. influenzae is a clinically common pathogen that is frequently isolated from specimens of human with pneumonia, otitis media, epiglottitis, or meningitis. It is classically classified on the basis of capsular polysaccharides (serotypes; af and nontypable) and divided into biotypes (I-VIII) on the basis of certain enzymatic and biochemical properties, specifically the ability to produce indole, urease, and ornithine decarboxylase. Among these many types, Hib is the most common and highly virulent pathogen. An inactivated Hib vaccine has been manufactured and utilized around the world over 20 years since early 1990's. It has been proven that increased use of the vaccine decreases the incidence of pneumonia and meningitis caused by Hib (1-3). In contrast, the incidence of non-b-type H. influenzae infections is increasing (4-8). H.influenzae serotype f (Hif) is one of the emerging pathogens (9-12).
In general, H. influenzae is a rare pathogen of soft tissue infection (13) . Soft tissue infection by this pathogen, when it occurs, typically is located in the buccal cavity, neck, or upper extremity in children, but generally not in adults (14) . Previous reports of adult cases suggest that the upper parts of the body such as the face or upper extremities are most frequently involved in adults (14) (15) (16) . Although adult cases of cellulitis of the lower extremity caused by H. influenzae have been reported (17, 18) , these cases were not caused by Hif. To our knowledge, there has been no case report on deep soft tissue infections due to Hif in the lower extremities in adult patients.
Although H. influenzae soft tissue infection is considered to occur as the result of bacteremia secondary to another infection focus (14) , there were no other infectious foci in the present case except for the right lower extremity. The patient had no respiratory symptoms such as cough, sputum, and hypoxia. The CT scan showed no remarkable changes in the lungs. The cerebrospinal fluid test and culture results did not show any evidence of infection. There were no symptoms or findings suggestive of otitis media or epiglottitis. It was difficult to determine whether the right lower extremity was the primary or secondary focus, but judging from the whole body investigation results and the patient's specific history of frequent falls due to Parkinson's disease, it was presumed that his right lower leg would be the primary focus. We suspected H. influenzae had directly invaded the subcutaneous tissue of the lower leg through the breakdown of the dermal barrier.
After the patient arrived at the hospital, the inflammation in his right lower extremity expanded rapidly in spite of antibiotic therapy, so we had to rule out necrotizing fasciitis which requires early fasciotomy for treatment. Clinically distinguishing necrotizing fasciitis from other soft tissue infections that usually do not require operation is difficult. In fact, many patients with necrotizing fasciitis have died worldwide because of inappropriate or delayed decisions about the timing of, or need for fasciotomy. Surgery is sometimes essential for treatment, but at the same time, it is invasive and paradoxically worsens the condition of the patient. Therefore, it must be performed only in appropriate cases and development of a more accurate and reliable diagnostic method or procedure for necrotizing fasciitis is necessary. The laboratory risk indicator for necrotizing fasciitis (LRINEC) score (Table 3) is considered to be a relatively reliable scoring system (13) . When the LRINEC score is 6 or greater, the positive predictive value (PPV) is 92.0% (95% CI, 84.3-96.0) and the negative predictive value (NPV) is 96.0% (95% CI, 92.6-97.9). When the score is 8 or more, it is strongly suggestive of necrotizing fasciitis (PPV, 93.4%; 95% CI, 85.5-97.2) (19) . In the present case, the LRINEC score was 5 on admission (low-risk category). However, the fasciotomy was performed on day 3 because the clinical symptoms deteriorated and necrotizing fasciitis could not be excluded entirely. According to previous reports, the clinical symptoms of soft tissue infection caused by H. influenzae tend to be persistent even if the appropriate antibiotics are administered (17, 18) , thus our decision to perform the operation might have been premature. In fact, no pathological change suggestive of necrotizing fasciitis was confirmed during surgery. However, we believe that our decision to perform surgery at that time was preferable because necrotizing fasciitis which can be fatal without appropriate fasciotomy, was strongly suspected in this clinical situation.
Since soft tissue infection is usually caused by Streptococcus or Staphylococcus, it is generally treated with penicillin, ampicillin, narrower spectrum cephalosporins (e.g., cefazolin), or vancomycin. In the present case, the causative pathogen was an H. influenzae strain that was resistant to ampicillin, cefaclor and cefotiam. If these antibiotics were chosen as initial therapy, the clinical course might have been worse. In fact, because the patient's condition was so poor and necrotizing fasciitis was suspected, we chose to initiate therapy with the wide-spectrum antibiotic, meropenem to which the pathogen was sensitive. After the antimicrobial susceptibility test was completed, we changed meropenem to ceftriaxone as definitive therapy. Although the laboratory data gradually improved, we changed to combination therapy with levofloxacin, sulfamethoxazole-trimethoprim and methylprednisolone, since the rash on patient's trunk and other extremities was considered to be toxic dermatitis presumably induced by incomplete treatment of right lower extremity infection. Levofloxacin was chosen since it is different from beta-lactams which had been administered and its MIC is comparatively lower, and sulfamethoxazoletrimethoprim was considered to be well-penetratable into soft tissue pharmacokinetically.
Because there have been few reports of adult case of soft tissue infection caused by Hif, it is difficult for us to determine its potential pathogenicity, etiology or the natural clinical course. In fact, the symptoms observed in the present patient resembled those for necrotizing fasciitis in view of its severity even though the patient was not found to have pathological changes in the fascia during surgery. Although H. influenzae typically does not infect soft tissue, when it does, it might cause severe infection and takes a relatively longer time for treatment as in this case. Or, in particular Hif might cause severe infection when it infects soft tissue. Further studies or reports involving a greater number of patients are required on soft tissue infection caused by Hif.
Conclusion
To our knowledge, this is a very rare case of deep soft tissue infection of the lower extremity caused by Hif in an adult patient. In this Hib vaccination era, there have been many reports of non-b-type H. influenzae infections. In particular, Hif is an emerging causative pathogen of severe infection, and therefore, further studies should be performed on its epidemiology and pathogenesis.
The authors state that they have no Conflict of Interest (COI).
